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MEASURING ARRANGEMENTS 
George .ThÇmas Baker, Liverpool, England, as- 
.signor to Automatic Telephone & Electric Coin, 
p,any L!mited, Liverpool, .England,  itish 
company 
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69,690. Diided and th!s pplction June 19, 
1950, Srial No. 168,995. In Great Britln 
J, anuy 30,1948 
9 .Clms. 
1 
The present inçetion relates to crcuit ar- 
rangements empy fç indicig e lue of 
e]ectrical comp0cn.$Uch .as codesrs an 
sistançe. 
It is .knon to measBr ..a short tme Inteal 
by emloyn :a !estnc.e/c0ndenser 
tion arranged so çht .the condeev ischarges 
thro,uh the retace The rime ]nterval  
iven by 
where E0 is the oltag across the COndenser at 
the begg 0f he nterval and E s .the volt- 
age across the cÇndenser .at ,theend of ..the inter- 
val, From this equation-i.t-ill be seen that if 
o 
E, 
and ether C .or . :is fixd, the ua-tn becomes 
-thus the value of .the condeer 0r restance is 
dectly proportiol o the time :taken for the 
voltage across .the.condeer in a resisnce/con- 
denser combination to change from one :pre- 
termined alue . another. Copendg U. S. 
patent application of .th ,applicant, Serial No. 
69,690, filed Janua-ry 7, :19, from which the 
present application is .divid, makes use of th 
relationship to give an indication of the vale of 
a condenser o a resistanoe. 
One of e objec of the present venton is 
to provide a circuit arrangement whereby an in-. 
dication  ,given ,as . whether the vaue of .a 
comportent lies .between two limiting values. 
other object of the .present .invention  to 
provide a circuit arrangement whereby in addi- 
tion  giving an indication if the value of the 
.component .falls within the limitg values, an 
indication is ..o .given, if :the value . .ouide 
the limiting alues, as  .whether .the value is 
above or below the liGngyalues. 
Accord to a feutre .of the-yention, in a 
circuit arrangement (for indicaGng .whether .the 
value of a restane ior.a, condeer Is .between 
two liting vlues means ae provid for 
charging end disching.the conder in a re- 
sistance/condeer combaion hich includes 
.the cotonnent .  d and :the .-te en 
«for the .v01tage acr0ss :the ,Condeer  change 
,fom one rermind le,,another Prede- 
er,mind .value  .comr : tWo e,inr- 
-vals corresp.ondg tO the wo !igal of 
thecomponent, n..idi.tion:lg given whether 

(Cf. 17:5--!83) 
2 
he discharge rime has a value between the two 
comparison rime intervals. 
In one embodiment.of the invention for deter- 
,mining whether the value of the component lies 
5 between two limiting values, a gate circuit is 
opened .,and closed af rimes .during the discharge 
peviod of the condenser which correspond to the 
timiting values. Only if .the comportent under 
test .has-a value .between the limiting values will 
10 an impuise pass thrQugh the gare to conçrol an 
indicator such as, for insçance, a discharge çube. 
In a f, urther embodiment of the invention for 
t.he saine purpos e, the discharge rime interval is 
c0mpred with .two .known rime intervals by the 
15 use of three relaxation circuits. Two of the cir- 
cuits nçlude components of known value while 
the third includes the comportent under test. By 
suitably connecting-the oUtputs of .the relaxation 
circuits ,to an indicator comprising a .plurality of 
20 çischage tubes, .the tubes ,can-ïoe arranged to in- 
dicate hot only whether .the component value is 
-within the desired limits but also if if is hot 
whether the value is below or above said limits. 
It OErequently-happens that .repetitive measure- 
25 ments .have to be ruade on a component. Nor- 
rnally each measurement OEs initiated by a key or 
,like operation. Such .rePetitive key operation be- 
cornes-tedious-and it .is-a further object of the 
invention ,fo provide .circuit .arrangements which 
 .30 void this necessity. 
According .to this feature of the invention a 
-pair of electron.agneçic relays are provided and 
arranged .for automatic se.quential operation, one 
f he relaYs sevving to reseç the counting circuit 
35 while the other inRiates a measuring cycle. 
The 'invention will be better understood from 
the following description of a .number of embodi- 
ments taken in conJunction with khe accompany- 
ing drawings-and.compris.ing.Figs. 1 to 4. In the 
40 drawings, 
Fig. '1 shows a block schematic .of .n arrange- 
ment for ndica, t_ing hether he value of a con- 
denser or .t .res'_tance approximates within pre- 
determined limits to a .nominal alue while 
45 ..Fig.-2 shows the detafled circuit. 
Fig.-3 shows an alternate-arrangement to that 
of Fig. 1 and .in ,addition is .so arranged that if 
.thecomponent-value is outside the predeterrnined 
 limits,-an indication .is .given whether the value 
50 is .abov.e or ',below such :limits w.hfle 
 .Fig. .4 shows .the detailed.circuit. 
 .Assume .that. a number of condensers are.manu- 
factured having a nominal capacitance 0f.Cn. If 
,the :c0nsant p.f lOrOlt.oaity of K rferred to 
55-.lrewiou@ly is m.d.e .:equa.1 .to .lOCs ard a 1 kc./s. 
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puise source is used» .a capacitance of exactly Ch 
wfll indicate 100 time nits whfle the cont on 
any other component will indicate directly its re- 
lationship to the nominal value. For production 
testing itis usually sufficient to indicate whether 5 
the deviation exceeds a specified value. Fol  in- 
stance, a common tolerance is 10% i. e. for a 
nominal value of 10 rime units the umknown 
capacitance must register more than 9 and less 
than 11. lo 
Peferring now to the drawings it shouid be 
explained that the references .such as A, GI and 
C shown in Figs. 1 and 3 correspond to the anod_e 
of the valve V:0, the gid of the valve Vel and the 
signalinput to the gare valve Ve« In the arrange- 15 
ment shown in Fig. 1 six scale-of-two circuits are 
interconnecied to form a twelve point cyclic 
counter $1. This is driven continuously from a 
suitable puise son-ce and in the zero position, a 
start puise is applied to the test muitivibrator ri0 
SSA comprising two back coupled valves V2 and 
Vz, the coupling between %he anode of V and 
the control grid of V2 being A. C. while that 
between the anode of Vs and the control grid of 
V_z is D. C. so that the stage has one stable and 2 
one unstable condition of equflibrium. The stable 
condition corresponds fo the flow of current 
through the valve V. The start impulse causes 
the multivibrator SSA to be transposed and a 
negative-going puise is applied .fo the inner con- 0 
tol grid of the gare valve of the gare circtfit G. 
This negative-going puise is, however, withou 
effect since the gate valve is a]ready cut-off on 
the inner grid. ehe 9th and 11th puises from 
the counter S, are applied fo a so-called "toggle" 35 
circuit S which is simply a circuit having two 
stable states of equilibium. The ch'cuit S, con- 
trols the opening and closing of the gare circuit 
and the am'angement is such that tl]e gare is 
opened on the 9th and closed on the 11th puise. 0 
If now the test multivibrator SS reverts toits 
normal condition whfle the gate circuit is opened, 
that is to say, between the 9th and 11th puises, a 
negative-going puise will be developed in the 
anode circuit of the gare valve Ve and this will 
be applied to a second muitivibrator SSs which 5 
is again similar to the test multivibrator and 
which acts as a puise-lengthener. The trans- 
position of the puise-lengthener due to the nega- 
tive-going puise causes the neon tube associated 
with the puise-lengthening circuit to flash 50 
hereby indicating that the condenser has a value 
within the stated limits. If will be understood 
that if the test muiiivibrator SS reverts fo its 
normal condition before the 9th or after ihi 11th 
pulsei no puise wfll be developed in the anode 55 
circuit of the gare valve and the neon tube wi!l 
not flash. 
leferring now fo the detafled circuit shown in 
Fig. 2 the oggle circuit S, consists of two cross- 
connected valves V0 and V, each having an 60 
anode load 10 and 1» and feed-back circuits 
from the anode of Ve0 via 1,, Ce and 1 to the 
grid of V, and from the anode of V, via lc, 
Ce and le fo the grid of Ve0, the resistances le, 
and 1 being connected to the negative terminal 65 
of #he supply voltage via resistances l2e and lv. 
The values of the various resistances in the toggle 
circuit are such that the circuit is negative]y 
polarised. The cyclic conter S, is not shown in 70 
detafl since the circuit is well known and simi- 
larly the puise source for driving he counter is 
not shown. 
In the nor]nal condition of the test mlti- 
vibrator, valve Ve will be conducting and Ve will 75 
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be non-conducting. The zero negative-going 
puise from the counter is applied to the grid of 
V which transposes the condition of the muiti- 
vibrator so that Vz conducts and a negative-going 
puise is developed across the anode load. This 
is without effect on the inner grid of the gate 
valve Ve since this grid is already biased to cut 
off. In the .toggle circuit S,, the normal condi- 
tion is with the valve V0 non-conducting and the 
valve V, conducting. The potential at the point 
A is, thm'efore, low and hence he fourth grid 
of the gare valve V is biased negatively with 
respect to the cathode. The 9th puise from the 
cyclic comter is applied via C23 .to the grid of VI 
whereby the condition of ihe circuii is transposed 
and Ve now becomes non-conducting. The volt- 
age at the point A, .herefore, rises and the 
potential of the fourth control grid of .the gare 
valve V becomes ositive with respect to the 
cathode and the gare is opened. ehe llth in- 
puise from the counter is applied via C to the 
control grid of V0 and causes the circuit S to 
revert to ifs normal condition and the potential 
of {he folu't grid now becomes negative wiih 
respect to the cathode and the gare is closed. 
The time taken for the test muitivibrator SS^ 
to ïeveït toits original condition will be deter- 
mined by the value of the condenser C under 
test and if this reversion takes place between the 
9th and llth puise, indicating .that çhe value of 
the condenser is within the specifled limits, then 
a positive-going puise will be developed in the 
anode circuit of We and wi]l be applied to the 
inner grid of the gare valve V ata lime when 
the gare is open. A negative-going puise will be 
developed in the 'anode circuit of the gare valve 
and this will be fed via the condenser Ce» to the 
control grid of the valve V. The normal con- 
dition of the puise lengthening circuit is for V 
fo be conducting and V» tobe non-conducting so 
that there is not suflicient potential across the 
neon tube NT to cause it fo flash. The çuise 
obtained from the anode of the valve V wfll be 
negative-going and will transpose the puise 
lengthening circuit so that V» now conducts and 
the voltage 'at the point A will fall to such an 
extent that he neon tube will flash. It will be 
understood that the neon tube will only remain 
lighted for the rime taken for the puise lengthen- 
ing circuitto revert o its normal condition and 
.this duration is suitably selected so that the 
lighting of the neon tube is easily visible. 
If will be understood that the circuit will op- 
erate continuously so that if desired, a number 
of tests may be made on each component. 
Once the high tension supply is connected to 
the ch'cuit the only operation necessary fo ef- 
fect the test is to connect the condensers one 
by one to the terminals 2! and 22. Thus the 
whole equipment may be controlled by a single 
switch for connecting up ihe tt. T. supply and 
a pair of terminals will be provided on the 
panel of the instrument fo which the compo- 
rtent under test is connected. 
The circuit shown in Figs. 3 and 4 is a refine- 
ment of that shown in Figs. 1 .and 2 in that if 
the value of the component is not within the 
specified limits, an indication is given as fo 
whether itis below or above such limits. Re- 
ferring firsi fo Fig. 3, the equipment comprises 
three multivibrators SS, SSo and.SS of which 
the multivibrator SSo includes the component 
under test. The other two multivibrators in- 
clude fixed condensers and provide two rime pe- 
riods, a minimum T and a maximum T. The 
actual rime To corresponding to the nominal 



value of the capacitor is immaterial but is con- 
veniently taken tobe about 0.4 second, ,corre- 
sponding to a lf. condenser associated with 
100 k. ohms resistance. Part of he resistance 
in the timing circuit of the multivibrator SSN 
is ruade variable and a similar variable is em- 
ployed in the timing circuit of the multivibrator 
SSP. Over the range covered, rime is linear 
with resistance so that the scales of the vari- 
ables can be calibrated directly in percentage 
decrease or increase on To. The resistance 
sociated with the multivibrator SSo can be set 
so that the nominal capacitance .of the unknown 
condenser corresponds to a release rime of To. 
For a condenser within the specifled limits, 
TN<To<TP so that if the three multivibrators 
are set in operation simultaneous]y, they will 
revert in the order SSN, SSo, SSP. The order 
in which they actually rever.t is indicated by 
three indicating or toggle circuits SI^, S[B and 
Sic. :In the normal condition of these circuits 
the neon tubes NTA, NTB and NTC ,are extin- 
guished. :If the multivibrator SS reverts to its 
normal condition belote the multivlbrator SSo, 
a pulse is fed from SS to S^to cause the neon 
tube NTA to glow. Then when the multivibra- 
tor SSo reverts, the tube NTA is extinguished 
and a negative puise is fed from SI^ fo S[B to 
cause the neon tube NTB fo glow. Finally when 
the multivibrator SSP reverts, the neon tube 
NTB is extinguished and a negative puise is fed 
to, SC to cause the neon tube NTC to glow. 
When the test bas been completed, the neon 
tube NTC is extinguished and a second start 
sign.al is given by relay equipment similar to, 
that shown in Fig. 2. 
If however, the multivibrator SSo reverts be- 
lote the multivibrator SS, the pulse applied to 
S[A by SSo will be without effect while that 
subsequently applied by SSN will cause the neon 
tube NTA fo glow but neither the neon tube 
NTB nor NTC will glow since no pulse is passed 
on from S  to S B Or S B t0 S  c. Further the 
reversion of SSP is without effect, so that the 
tube NTA continues fo glow. Again if the 
multivibrators SS and SSP the neon tube NTA 
will glow when SS reverts and will be extin- 
guished when SSo reverts and a puise wfll be 
fed over S[ to S[ to cause the neor tube NTB 
to glow. This tube will, however, glow after the 
normal extinguishing puise bas been fed there- 
fo by the multivibrator SSP and consequently 
no pulse will be fed to S [c. In this condition, 
therefore, the neon tube NTB remains lighted. 
Thus if the condenser is within the specified 
limits, the neon tube NTC remains lighted while 
if the value is less than the lower limit the neon 
tube NTA remains lighted, and ff it is greater 
than the maximum limit the neon tube NTB 
remains lighted. 
leferring now to Fig. 4 which shows the 
circuits in detail, the multivibrators SSN, SSo 
and SSe are simflar to the multlvibrator 
shown in Fig. 2 while the indicating or toggle 
circuits S, S[B and So are similar to the 
toggle circuit SI shown in Fig. 2, and are alse 
arranged to respond only to negative-going im- 
puises, the negative bias applied to the control 
grids being sufiïciently large to prevent trigger- 
ing by any of the positive-going impulses ap- 
plied thereto. 
The condenser under test is connected be- 
tween terminals 3 and 32 in the multivibrator 
SSo and if will be understood that the normal 
condition of the multivibrators ls with the 
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vulves V37, V39 and Val conducfing. As regards 
the toggle circuits the normal condition is with 
the valves V31, V and V conducting. 
A start pulse is applied to the three multivi- 
5 brators in parallel by the operation of relay 
This start puise will be positive-going and is 
applied to the grids of the non-conducting vulves 
Vg, V3s and V0. The three multivibrators are 
transposed substantially simultaneously and 
10 consequently positive-going puises will be de- 
veloped at the points A. These positive-going 
pulses will be applied to the toggle circuits 
and S[ bu as previously pointed out, they will 
be without effect as the toggle circuits are po- 
15 larised to respond only to negative pulses. As- 
suming first that the condenser under test is 
within the specified limits, then the multivibra- 
tor SS will be the first to revert to normal. 
When this takes place, the valve V7 becomes 
.0 conductlng and a negatlve-going puise is ted 
from the anode of Vv via condenser C0 fo the 
grid of valve V which it will be remembered 
is conducting. This pulse, therefore, causes the 
toggle circuit fo be transposed so th,at the anode 
.5 voltage of V increases and tha of V0 de- 
creuses. The increase in anode voltage oï V3 
is without effect on the toggle circuit S [ while 
the decrease of anode voltage of V0 causes a 
potential difference to be developed across the 
0 neon tube NTA which thereupon glows. 
The circuit remains in this condition until the 
multlvibrator SSo reverts fo normal when a neg- 
ative-going puise from the anode of V9 is 
plied vis, the condenser C to the grid of V0. 
35 This causes the toggle circuit S[ to revert to 
its original condition whereby the neon tube 
NTA is extinguished and a negative-going pulse 
is fed from the anode of V via condenser 
to the grid of V3 of the toggle S[. The toggle 
4O S[B. is thereby transposed and the neon tube 
NTB glows in a similar manner to that described 
for the toggle circuit Sic. The circuit remains 
in this condition until the multivibrator SSe 
reverts to normal when a negative-going pulse 
5 ïrom the anode of V is fed via condenser Cz3 to 
the grid of Vz2 thereby causing the neon tube 
NTB to be extinguished and a negative-going 
puise to be fed from the anode of Vz3 via con- 
denser C3 to the grid of the valve Vz of the 
0 toggle circuit Sic. This toggle circuit is con- 
sequently transposed and the neon tube NTC 
is lighted. The circuit remains in this condi- 
tion until relay IAI is again operated when re- 
sistance earth is connected in place of direct 
 earth to the cathodes of the vulves Vz0, V3 and 
Vz thus causing any operated toggle circuit to 
be restored to normal. 
It will now be assumed that the value o 'he 
condenser under test is below the lower of the 
60 specified limits. In this case the multivibrator 
SSo will revert fo normal before the multivibrator 
SSN. When the multivibrator SSo reverts, a 
negative puise will be applied via condenser 
C1 to the grid of V0 but will be without effect 
65 since this valve is non-conducting at this rime. 
The negative-going puise subsequently obtained 
from the multivibrator SN will be applied via 
condenser C0 to the grid of valve Vt and will 
cause the toggle circuit SI^ to be transposed as 
70 previously described. The neon tube NTA is, 
therefore, lighted and remains lighted since the 
pu]se which would normally cause its extinction 
has already been received and has been without 
effect. Further when the multivibrator SSP re- 
5 verts to normal a negative puise wfll be applied 
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via condenser C to the grid of Va2 and this again 
will be without effect since the valve Va2 is non- 
conducting st this rime. The neon tube NTA, 
therefore, remains lighted until the resetting 
pulse is provided on the operation of relay IAR. 
If the valve of the condenser under test is 
above the upper specified limit, the multivibrator 
SSN will first revert and cause the lighting of 
the tube NTA as previously described. In this 
case the second multivibrator to revert will be 
SSP whereupon a negative-going impulse is ap- 
plied via C33 to the grid of V2. This will be 
without effect since the valve V32 is non-con- 
ducting af this time. When the multivibrator 
SSo finally reverts, the neon tube NTA will be 
extinguished and a negative-going puise wfll be 
fed from SIA via C32 t0 the grid of V and the 
circuit SIB will be transposed to cause the light- 
ing of the neon tube NTB and this tube will re- 
main liahted until the resetting pu]se is ob- 
tained by the operation of relay lA. 
With regard to the generation of the start 
puise, this is provided by a circuit which enables 
repetitive measurements to be effected automat- 
tically and consists of an interrupter circuit 
comprising relays IGI and IAP. lelay 
may, for instance, consist of a type of relay 
known as a galvanometer relay having a pair 
of cobalt steel magnets forming an astatic com- 
bination, one of the magnets being almost com- 
pletely enclosed by a pair of deflection coils. 
The periodic rime of oscillation of the magnets 
is controlled by a spiral hair spring and a robust 
silver contact IGII is arranged to close st the 
end of the return swing, the hair spring being 
selected so that the galvanometer relay delivers 
one puise every two seconds. The closure of con- 
tacts IGII closes the circuit for relay IAR which 
st contacts IAII completes the circuit foi" the 
coils of the galvanometer relay in order to main- 
tain the oscillation, lelay IAt in operating in 
addition st contact IAP,2 connects a resistance 
earth instead of direct earth to the cathode cir- 
cuit of the normally non-conducting valves of the 
indicating circuits thus restoring any of these 
valves which may be conducting and setting the 
indicate circuits fo normal. When relay IAI re- 
leases, relay IBI operates and as explained 
above, st contact IBII provides the start puise 
for the circuits SSN, SSo and SSD. This opera- 
tion proceeds continuously a test taking place st 
each operation of relay IBI so that repetitive 
testing is possible. In operation the voltage sup- 
ply is first switched on and the key IKA is mo- 
mentarily operated to cause the initial operation 
of relay I GI. After this operation relays I GI, 
iAI and IBP interact continuously and a con- 
denser such as C may be connected between 
termfl]als 3 and 32 on the front panel st any 
rime and repetitive readings of the value of the 
condenser will continue tobe iven as long as 
the condenser is connected to the termiuals. 
I claim: 
1. Ch'cuit arrangements for testing resistors 
and capacitors and for indicating whether the 
value of the component under test is between two 
limiting values comprising a time-constant circuit 
including a combination of resistor and capacitor 
elements one of which elemenks is the component 
under test, means for generating a start signal, 
means for generating a first pu]se a predetermin- 
able rime after said start signal to establish the 
lower of the two lirniting values, means for gen- 
erating a second pulse st a different predeter- 
minable time after said start signal to establish 
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the upper of the two limiting values, means in- 
cluding said resistor and capacitor combination 
for generating st a rime subsequent to the de- 
velopment of said start signal a third puise which 
5 is indicative of the value of the component under 
test, an indicating circuit, means for applying all 
of said first, second and thh'd puises to said indi- 
cating circuit and means for operating said indi- 
cating circuit to indicate whether said third puise 
10 is applied to the indicating circuit after the appli- 
cation of said first puise and belote the applica- 
tion of said second puise. 
2. Circuit arrangements for testing resistors 
and capacitors and for indicating whether the 
15 value of the component under test is between 
upper and lower limiting tolerance values com- 
prisin a rime-constant circuit including a com- 
bination of resistor and capacitor elements, one 
of which elements constitutes the component 
20 under test, means for generating a start signal, 
means for generating a flrst puise a predeter- 
minable time after said start signal to establish 
the lower of the two limiting values, means for 
generating a second puise ata different prede- 
25 terminable time aïter said start signal to estab- 
lish the upper of the two limiting values, means 
including said resistor and capacitor combina- 
tion for generating at a time subsequent to the 
generation of said start signal a third pulse which 
3O is indicative of the value of the comportent under 
test, a normally closed gate circuit, means for 
opening said gate ch-cuit in response to the gener- 
ation of said first pu]se, means for closing said 
gare circuit in response to said second pu]se, 
35 means for applying said third puise to said gate 
circuit and indicating means connected to said 
gate ch'cuit and operated in response to the appli- 
cation of said third puise to said gate circuit 
whfle said gare circuit is open. 
4O 3. Circuit arrangements foi" testing resistors 
and capacitors and for indicating whether the 
value of the comportent under test is between two 
limiting values comprising a rime-constant cir- 
cuit including a resistor and a capacitor in com- 
45 bination, one of which constitutes the compo- 
nent under test, a control circuit operating nor- 
mally to charge said capacitor, a cyclic electronic 
counter, a source of acctu'ately timed puises for 
driving said counter, means in said control cir- 
50 cuit for initiating the discharge of said capacitor 
in response to the first impulse of a cycle de- 
livered to said control circuit from said electronic 
counter, a normally closed gare circuit having 
an input circuit and an output circuit, means 
55 responsive to subsequent pulses delivered by said 
counter respectively for opening and closing said 
gare circuit, means in said control circuit for 
applying a pu]se to the input to said gare circuit 
when the voltage across said capacitor reaches 
6o a predeterminable value, an indicator circuit con- 
nected to the output of said gate circuit and 
means responsive to the arrival of said pu]se from 
said control circuit st the input to said gate cir- 
cuit whfle said gare circuit is open for delivering 
65 a puise to said output circuits ior operating said 
indicator. 
4. Circuit arrangements for testing resistors 
and capacitors and foi" indicating whether the 
value of the component under test is between two 
70 limiting values comprising a first relaxation cir- 
cuit having one stable and one unstable condition 
of equilibrium, a time-constant circuit including 
resistance and capacitor elements of which one 
comprises the component tobe measured and is 
75 included in the circuit determining the relaxatior 
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period  of said flrst relaxation circuit, means for 
charging said capacitor with said first relaxation 
circuit in the stable condition, a cyclic electronic 
counter, a source of accurately timed impulses 
for driving said electronic counter, means respon- 
sire to the first impu]se of a cycle de]ivered by 
said electronic courtier for changing over said 
first relaxation circuit thereby initiating the dis- 
charge of said condenser, a second relaxatioloE 
circuit having two stable conditions of equflib- 
rium, means responsive fo a subsequent impulse 
of a cycle from said electronic counter for chang- 
ing over said second relaxation circuit from one 
stable condition fo the second, a normally closed 
gare circuit having an input and an output, means 
responsive fo the changeover of said second relax- 
ation circuit for opening said gare circuit, means 
responsive to the last impulse of a cycle delivered 
by said electronic counter for changing over said 
second relaxation circuit from the second stable 
condition fo the first, means responsive fo the 
last changeover of said second relaxation circuit 
for closing said gare circuit, means for applying 
a puise fo the input of said gare ch'cuit when 
said first relaxation circuit reverts fo the stable 
condition in response fo a predeterminab]e change 
in the voltage across said capacitor, an indicator 
circuit connected fo the output of said gare cir- 
cuit and means responsive fo the arrival of said 
pulse from said first relaxation circuit ai said 
gare circuit af a rime when said gare circuit is 
open for de]ivering a puise through said output 
circuit fo operate said indicator ch'cuit. 
5. Circuit arrangements as claimed in claire 4 
wherein said indicator circuit comprises a re- 
laxation circuit having a stable and an unstab]e 
condition of equi]ibrium and a discharge tube 
connected fo the anode circuit of the tube which 
is non-conducting in the stable condition of the 
relaxation circuit. 
6. Circuit arrangements for testing resistors 
and capacitors and for indicating whether the 
value of the comportent under test is between 
two limiting values comprising, a first relaxation 
circuit having a stable and an unstable condition 
of equilibrium, a rime-constant circuit inc]uding 
resistor and capacitor elements of which one 
element is the comportent under test, said rime- 
constant circuit forming a part of the circuit 
determining the relaxation period oï said first 
relaxation circuit, means for charging the capac- 
itor of the rime-constant circuit during the 
stable condition of the said relaxation circuit, 
a second relaxation circuit having first and 
second stable conditions of equilibrium, a cyc]ic 
electronic counter, a source of accurately timed 
pulses for driving said counter, means for trans- 
mitting the first puise in a cycle from said elec- 
tronic counter to said first relaxation circuit fo 
change over said relaxation circuit to said un- 
stable condition and thereby to initiate the dis- 
charge of said capacitor, means for transmitting 
subsequent puises in the saine cycle from said 
electronic counter to said second relaxation cir- 
cuit to change over said second relaxation circuit 
from said first stable condition to said second 
stable condition and back to said first stable con- 
dition respectively, a normally c]osed gare cir- 
cuit control]ed by said second relaxation circuit 
and having an input circuit and an output cir- 
cuit, a voltage source, means effective upon 
changeover of said second relaxation circuit 
from said first to said second stable condition 
for applying to said gare circuit a gare opening 
voltage derived from said voltage source and 
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responsive fo the changeover of said second re- 
laxation circuit from said second fo said first 
stable condition for apptying a gare closing volt- 
age derived from said voltage source fo said gare 
5 circuit, means responsive fo the changeover of 
said first relaxation circuit from the unstable 
to the stable condition for applying a pulse fo the 
input circuit of said gare circuit, an indicator 
connected fo the output of said gare circuit and 
10 means rezponsive fo the arrival of said pu]se from 
said first relaxation circuit af said gare circuit 
ai a rime when said gare circuit is open for 
delivering a puise through said output circuit fo 
operate said indicator. 
]5 7. Circuit arrangements for testing resistors 
and capacitors and for indicating whether the 
value of the component under test is between 
two limiting values, one above and one be]ow an 
optimum value, and if not whether if is above or 
20 below said optimum value comprising a rime- 
constant circuit inc]uding resistor and capacitor 
elements of which one constitutes the component 
fo be tested, a first, a second and a third control 
circuit, means for simultaneous]y operating all 
25 said control circuits, means for causing said first 
control circuit fo revert fo the unoperated con- 
dition after a rime period measuring the lower 
of said ]imiting values, means for causing said 
second control circuit to revert fo the unoper- 
34 ated condition after .a period measuring the 
upper of. said limiting values, means inc]uding 
said rime-constant, circuit for causing said third 
contro] circuit fo revert to the unoperated con- 
dition after a rime period which is substantially 
35 a measure of the optimum value of the com- 
portent tobe tested, a first, a second and a third 
indicator means, means for operating said first 
indicator means ai rime periods when the third 
control circuit reverts fo the unoperated con- 
4o dition prior fo said first and second contro] cir- 
cuits, means for operating said second indicator 
means ai rime periods when the third control 
circuit reverts fo the unoperated condition sub- 
sequent fo the first control circuit and prior o 
45 the second control circuit and means for operat- 
ing the third indicator means ai rime periods 
when the third control circuit reverts fo the 
unoperated condition subsequent to each of the 
second and third control circuits. 
50 ,8. Circuit arrangements ïor testing resistors 
and capacitors and for indicating whether the 
value of the comportent under test is between 
two ]imiting values and if hot whether if is above 
or below said ]imiting values comprising a rime- 
55 constant circuit inc]uding a resistor and capaci- 
tor combination, of which one is the comportent 
fo be tested, first, second and third control 
]axation circuits each having one stable and one 
unstab]e condition of equilibrium, means for 
60 simu]taneously changing over said first, second 
and third relaxation circuits from said stable fo 
said unstab]e condition, a relaxation period de- 
termining circuit for said first relaxation con- 
trol circuit for causing said circuit to revert fo 
65 said stable condition in a rime representative of 
the lower of said two limiting values, a relaxa- 
tioi] period determining circuit for said second 
relaxation control circuit for causing said cir- 
cuit fo revert fo said stable condition in a rime 
70 representative of the upper of said two limiting 
values, a relaxation period determining circuit 
for said third relaxation control circuit including 
the resistor and capacitor combination rime-con- 
stant circuit for causing said circuit fo revert fo 
75 said stable condition in a rime representative of 
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the value of the component under test, flrst, 
second and third relaxation indicator circuits 
each having a normal first condition of stable 
equilibrium and a second condition of stable 
equilibrium, a fil'st connection between said flrst 
relaxation control circuit and said flrst relaxa- 
tion indicator circuit for transmitting a pulse on 
the reversion of said first relaxation control cir- 
cuit to the stable condition to change over said 
fil'st relaxation indicator circuit from the nor- 
mal stable condition fo the second stable con- 
dition, a second connection between said third 
relaxation control circuit and said flrst relaxa- 
tion indicator circuit for transmitting a puise on 
the reversion of said third relaxation control cir- 
cuit to the stable condition to change over said 
first relaxation indicator circuit from the second 
stable condition to the normal stable condition, 
a third connection between the second relaxation 
control circuit and said second relaxation indi- 
cator circuit for transmitting a puise on the re- 
version of said second relaxation control circuit 
to the stable condition to change over said sec- 
ond relaxation indicator circuit frbm the second 
stable condition fo the normal stable condition, 
a fourth connection between said flrst relaxation 
indicator circuit and said second relaxation in- 
dicator circuit for transmitting a pulse to change 
over said second relaxation indicator circuit from 
the normal to the second condition on the 
changeover of said flrst relaxation indicator 
circuit ïrom the second condition to the normal 
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condition and a flfth connection between said 
second relaxation indicator circuit and said third 
relaxation indicator circuit for transmitting a 
pulse to change over said third relaxation indica- 
5 tor circuit from the normal to the second condi- 
tion on the changeover of said second relaxation 
indicator circuit from the second condition fo 
the normal condition. 
9. Circuit arrangements as claimed in claim 8 
l0 comprising a cyclically-operated relay set in- 
cluding at least two lnteracting relays, contacts 
controlled by said relay set, means responsive to 
the operation of one contact at the beginning of 
a cycle for simuitaneously operating said control 
15 circuits and means responsive to the operation 
of another contact at the end of a cycle for 
triggering said relaxation circuits from the sec- 
ond stable position back to the first. 
GEORGE THOMAS BAKEP. 
20 
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